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Species/strain: mice, pS3 knockouts (heterozygous)

Number/sex/group; age at start of study:15/sex/group in main group, 47/sex in tk satellite,

15/sex in positive control group
Animal housing: individual suspended stainless steel mesh

Formulation/vehicle: 0.5% methylcellulose and 0.1% Tween®80 in distilled water.
Drug stability/homogeneity: evaluated prior to study initiation at concentrations higher

and lower than those used.

Methods:
Doses: 100, 300 and 1000 mg/kg/day
Basis of dose selection: MTD
Restriction paradigm for dietary restriction studies:
Route of administration: oral
Frequency of drug administration: daily
Dual controls employed:
Interim sacrifices:
Satellite PK or special study group(s): yes
Deviations from original study protocol: no

Statistical methods: unconventional. See Biostatistician’s review.

Observations and times:
Clinical signs: daily
Body weights: pre-tx and weekly
Food consumption: weekly
Hematology: no
Clinical chemistry: no
Organ weights: yes
Gross pathology: yes
Histopathology: yes

Toxicokinetics: day 1, week 14 and week 26. Samples collected 1,2,4,8 and 24 hours

post-dose
Results: Detailed discussion in original review

Genotype analysis confirmed the p53 status of the mice. The positive control of p-cresidine
produced a robust neoplastic effect of transitional cell carcinoma in 13/15 males and 7/15
females. The doses of eplerenone used caused decreased weight gain of 7% in the HD males and
10% in the HD females. Plasma levels of drug were found at all dosages. The increases in
exposure with increasing dose were not proportional. There was evidence of decreased exposure

from Day 1 to Week 26 at all doses, consistent with induction of metabolism.

Unbound eplerenone, Day 177

Dosage Females Males

Mg/kg/day AUC pghr/ml Multiple of human AUC pg hr/ml Multiple of human
exposure ) exposure

100 15.9 1.9X 10.8 1.3X

300 35.1 4.2X 38.6 5.0X

1000 59.3 7.1X 88.8 10.6X

AUC for humans at the therapeutic dose of 100 mg was listed as 6.48 pg.hr/ml
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-

Absolute and normalized weight of the liver, thyroid, adrenal and pituitary glands were increased
in both sexes in a dose related manner as shown in the sponsor’s table. The same organs were
also affected in the pqsﬁive control group.

SC-66110-Rclated Organ Weight Changes

Dosage: 0 mg/kg/day 100 mg/kg/day 300 mg/kg/day 1000 mg/xgicay
{mg/kgiday) Abs. Rel. Abs. Rel. Abs. Rel. Abs. Rel
Males
Liver 1.44 4.73 1.48 4.75 1.45 5.29""° 185 | 653
T ryroid Gland | 0.0C3 0.083 0.003 0.110 0.003 0118 C.0G1" C.344”
Atend Glands | 0.005 0.153 0.005 0.184 0.007°°° 0.245°" 0.006—" | 0.228™"
Pitutary Gland | 0.0017 0.0550 0.0021 0.0565 0.00z4 0.0645 0.0012°° [ 0.0413°
Females
Lives 1.96 467 1.26 4.90 1.26 522" 138 6.107
Thyrowd Gland | 0.0C4 0.156 0.004 0 151 0.004 0.179° CO06 " | Cz57 |
Adrena Glands | 0.008 0.336 0.008 0.303 0.010°* 0.426°"° 0.011™ | 0457
Pitutary Gland | 0.0028 0.1100 0.0027 | 0.1033 0.0021° 0.0904 0.0023° | 0.1006
Abs. = absoiute organ weight (g). Rel = relative organ weight (to body weight. %)

'p<0.05: *°p<0 01: ***p<0 001

CDER statistical analysis indicated no neoplastic findings of significance.

Summary of individual study findings:
Adequacy of the carcinogenicity study and appropriateness of the test model: study was
adequate in design and conduct
Evaluation of tumor findings: CDER statistical analysis indicates no significant findings.

Study Title: Four-Week Oral Gavage Range Finding Toxicity Study of SC-66110 With
Dietary Restrictions in the Rat (P30S4566)

Key Study Findings: Dietary restriction did not significantly alter either the toxicokinetic profile
or the toxicology when compared to a previously conducted 13-week study with ad libitum
feeding. Some of the males showed atrophic prostates, females showed decreased uterine
weights. The thyroid hypertrophy observed and the possible mechanism of increased TSH
resulting from drug-induced increased catabolism is significant of potential thyroid neoplasias.

Study Number: P30S4566

Conducting laboratory and location: GD Searle & Co; Skokie, IL
Date of Study Initiation: November 11, 1996

GLP Compliance: yes

QA report:

Drug, lot # and % purity: SC-66110, lot RCT 10016,

Purpose: This study was conducted to determine whether dietary restriction in the rat would alter
plasma concentrations and/or alter (lessen) any toxicity profiles as a prelude to conduct a two
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year carcinogencity study with dietary restriction in rats in addition to conducting a
carcinogenicity study with ad libitum feeding. Results were compared to a previously conducted
13-week toxicity study-n rats without dietary restriction (reported in the general toxicology
section). - :

Methods: Male and female  mwwsmssse  CD rats (115-250 grams, 10/sex/group) were given
SC-66110 at 250, 500, 750 or 1000 mg/kg/day by oral gavage for 4 weeks. Controls received
vehicle (0.5% methylcellulose and 0.1% polysorbate 80). An additional 16 rats/sex/dose were
used for toxicokinetic determinations with 4 rats/sex used as untreated controls.

Observations: Rats were observed daily for clinical signs. Body weights were measured 2-3X
per week. Days 29-31, rats in the toxicology groups were sampled for hematology and clinical
chemistry and urine was collected for urinalysis. Rats were then euthanized and necropsy
performed. Several organs were weighed and histopathology performed from control and HD
groups on liver, kidney, thyroid, adrenal, prostate, epididymus, testis, ovary, uterus and vagina.
Blood was collected from the toxicokinetic groups at several timepoints up to 24 hours after drug
administration on days 1 and 28.

Results: Three deaths were attributed to gavage accidents. There were no significant drug-
induced changes on clinical signs, body weights or hematology parameters when compared to
controls.

Clinical chemistry results showed increases in cholesterol of 122% of control in HD females.
Compared to the 13-week study, the current results showed some variability but were generally
within observed ranges. Urinalysis in the present study showed decreased sodium excretion in
HD females and decreased potassium excretion in females given 2 500 mg/kg. In the previous
13-week study no such changes were observed.

Organ weight data included drug-induced changes in liver, prostate, epididymus and uterus. Liver
weights (absolute and liver: BW ratios) showed a dose-dependent increase in both sexes,
particularly females with a 91% increase in HD females. Similar results were found in the 13-
week study. Mean prostate weights were decreased 19-36%. Similar results on prostate weights
were found in the 13-week study. Epididymus weights were decreased ~10% relative to controls.
Uterine weights decreased ~30%. Similar effects on uterine weights were found in the 13-week
study. There were no changes in thyroid or pituitary weights in the present study whereas weights
of these organs increased in the 13-week study.

Histopathology indicated hepatocellular hypertrophy in 6/9 and 9/9 HD males and females
respectively, correlating with increased liver weight. The sponsor suggested that the results were
compatible with P450 enzyme induction, an effect known to occur with SC-66110 in rats
although evidence for this was not presented in the present study. One prostate was considered
atrophic, similar to observations from the 13-week study. Evidence for chronic progressive
nephropathy was not apparent, opposite to findings from the 13-week study. The thyroid
follicular cells showed a slight hypertrophy, similar to that observed in the 13 week study, and
was proposed to be due to increased catabolism of thyroid hormone, without presenting evidence
here to support this. The adrenal zona glomerulosa cells, the site of aldosterone production,
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showed a slight hypertrophy as was found in the 13-week study and may reflect a compensatory
response to inhibition of aldosterone by SC-66110.

Toxicokinetic analysis showed a dose-proportional increase in AUC up to 750 mg/kg followed
by a plateau from 750 to 1000 mg/kg indicating saturation of absorption. Plasma drug levels were
higher in female rats than in male rats. Day 1 values were higher than Day 28 values and similar
to those seen in the 13-week study, indicating that dietary restriction had no effect on systemic
exposures.

Study title: Two-year oral gavage combination chronic toxicity and carcinogenicity study
of SC-66110 in the rat (MSE-N 97129/SA4663)

Key study findings: Thyroid tumors appeared that were anticipated based upon structural
and mechanistic similarity of eplerenone to spirenolactone. Ancillary studies were
provided to support a mechanism of action that makes this phenomenon unlikely to be
relevant to humans. The sponsor was asked to provide further data regarding the finding
of renal tumors in females.

Study number: == -N97129/SA4663

Volume #, and page #:

Conducting laboratory and location: . ——es

Date of study initiation: June 25, 1997

GLP compliance: yes

QA report: yes (x) no ()

Drug, lot #, and % purity: SC-66110 lots 96K018-F2B and 96K020-F1A
CAC concurrence: yes

Study Type (2 yr bioassay, alternative model etc.): 2-year bioassay

Species/strain: rat, [Crl:CD(SD)BR]

Number/sex/group; age at start of study: 85/sex/group, 6 weeks

Animal housing: individually housed in suspended steel cages. Waffle bottom cages for

those who developed foot problems

Formulation/vehicle: 0.5% methylcellulese and 0.1% polysorbate 80 in distilled water

Drug stability/homogeneity: upfront determinations of homogeneity with visual inspection
during study. Stability and concentration tested during study at weeks
1,4,6,8,12 and every 12 weeks thereafter until the end of the study.

Methods: .
Doses: 0, 20. 75 or 250 mg/kg/day
Basis of dose selection: MTD
Restriction paradigm for dietary restriction studies:
Route of administration: oral gavage
Frequency of drug administration: daily
Dual controls employed: no
Interim sacrifices: week 53, 10rats/sex/group designated
Satellite PK or special study group(s): PK, 6 control rats, 16rats/sex/dose
Deviations from original study protocol: none that affected the interpretation of the study
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Statistical methods: unconventional. See CDER statistical review

Observations and times:

Morbidity/mortality: 2 once daily during the pretreatment period; twice a day during the

treatment period. Detailed examinations were performed once pre-test and weekly during the

study.

Body weight: determined twice during pretreatment, weekly during first 26 weeks, every other
week from weeks 27-52, every 4 weeks thereafter and the week before scheduled completion of

the study. Final fasted body weight was determined just ﬁ.rior to necropsy.

Food consumption: measured once pretreatment, weekly during the first 26 weeks of the study,
every other week from weeks 27-52, every 4 weeks thereafter, and the week before scheduled

completion.

Ophthalmic examinations: performed on all rats pretest and all survivors weeks 25 and 50.

Clinical Pathology: toxicology groups only

First 10 animals of each group were sampled for hormone assays at months 1,3,6 and 10

and for clinical pathology and euthanasia at week 53.
Samples for the hormone assays were taken from the retro-orbital sinus except at week 53

when blood was collected from the posterior vena cava prior to necropsy.

Endocrine parameters: aldosterone

Hematology:

Clotting Parameters:

Clinical Chemistry:

Tritodothyronine (T3)
Thyroxine (T4)
Testosterone
Thyroid stimulating hormone (TSH)

Hematocrit (HCT)
Hemoglobin (Hb)

MCH, MCHC

MCV

Mean platelet volume (MPV)
Platelet counts (PLT)

RBC

WBC and differential

Prothrombin time (PT)
Activated partial thromboplastin (APTT)
Fibrinogen(FIB)

ALT CA Phos
ALB Cl K
Albumin/globulin Chol Na

ALP Crea SDH

trig
total bile acids
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AST Glob TBIL

BUN

GLU

Urinalysis was conducted week 53
Parameters from 4-hour urine sample:

Volume
Osmolality
pH*
Protein*
Glucose*

urobilinogen*
sediment
Bilirubin*
Occuit blood*
Ketones*

Tprot

*semi-quantitative determination

Parameters from 22-hour urinalysis determination

Calcium chloride
Creatinine phosphorus
Potassium protein
Sodium volume

Toxicokinetics

Blood was collected after the first dose and again during week 52 for toxicokinetic evaluation.
Sampling times were 0.5, 1,2,3,4,6, 8 and 24 hours after dosing. Each TK animal was sampled at
two different sampling points.

Necropsy Procedures

Ten animals/sex/group were predesignated at the start of the study to be euthanized at week 53.
All surviving Toxicology group animals were euthanized week 104. Organ weights were
determined at week 53 only.

Results: .
See original review for detailed discussion.

High dose females showed 9% lower survival at week 104 compared to controls. Survival in
males was unaffected. There were significant decreases in body weight gain in both sexes

indicating that maximally tolerated dosages had been used.
Summary of exposure based upon

Dosage mg/kg/day Females Males
AUC ug.hr/mi Multiple of human AUC pg.hr/ml Multiple of human
: exposure exposure
20 16.2 1.9X 4.68 0.5X
75 45.0 53X 18.1 2.1X
250 100 11.7X 59.2 6.9X

SC-66110 was tested in rats at levels ~2X-12X the human AUC in females and ~0.5-7x the
human AUC in males. Cp,, in females and males was ~4-15X and ~1.5-7X human values. The
toxicokinetic results in this study are consistent with past results.
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Expected pharmacologic changes of increased urinary sodium were reported. Eplerenone blocks
aldosterone receptors as its primary pharmacologic action. Therefore, the increased aldosterone
levels seen with drug-tseatment are an expected response as is hypertrophy of the adrenal zona
glomerulosa, the site of aldosterone synthesis.

Adaptive changes appeared in the liver as manifested by increased liver weight and
hepatocellular hypertrophy.

The incidence and mean severity of chronic progressive nephropathy (CPN) as determined by
histologic criteria increased in the MD and HD groups of both sexes. Data from hematology,
clinical chemistry, urinalysis and histopathology of other organs further support declining
functional capability of the kidneys.

Two other noteworthy non-neoplastic findings were degeneration/atrophy of the seminal vesicles
and degeneration of the seminiferous tubules of the male rats. Serum testosterone levels taken at
the interim euthanasia were slightly below the control values but not significantly so. Serum
testosterone at the time of final (2 year) euthanasia would have been useful in distinguishing
between a primary adverse effect of the drug and an effect secondary to decreased hormone
levels. Pancreatic islet cell hyperplasia was noted to be increased in incidence in drug-treated
females.

There were two neoplastic findings of interest in the study 1) A statistically significant, dose-
related increase in the incidence of thyroid follicular cell adenoma and 2) renal tubular carcinoma
in 2 control males and 2 HD females (p=0.045 by the sponsor’s calculations).

Prior to initiation of the study, the sponsor stated to the CAC that thyroid tumors would not be
unexpected given the structural similarity of eplerenone to spironolactone and proposed a
hypothesis that the carcinogenicity was due to a hormonal mechanism. In support of this, the
sponsor undertook to do studies simultaneously with the conduct of the carcinogenicity study.
These ancillary studies, discussed below, provided further data on serum TSH, T4, T, 1T;
clearance of T, activity of T4-UDPGT, activity of CYP3A and mRNA for UDPGT.

Because the renal tumors are rare, the occurrence was of interest. The sponsor was asked
(telephone, 9/18/2001) to provide the background rate. They report from 18 studies the
following incidences: '

Incidences of renal carcinoma in control animals from 18 studies

Malignant Benign and malignant
Males 3/1045 11/1045
Females ' 1/1051 3/1051

Another source of background rate for renal carcinoma was provided on the Charles River
website in their document “Compilation of Spontaneous Neoplastic Lesions and Survival in
Crl:CD®(SD)BR Rats from Control Groups,” March 2001. Twenty-four studies initiated
between 1991 and 1997 at six different commercial testing facilities were surveyed and
compiled. The reported incidences are summarized below:
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Summary of Renal Carcinoma in. Control Rats, Compiled by Charles River

Adenocarcinoma/Tubular

Adenoma/tubular adenoma

adenocarcinoma
Males . - 5/1531 8/1531
Females 2/1729 Not listed

The histopathology data was specifically examined by the reviewer for any listing of renal

tubular hyperplasia which would be indicative of a continuum of potentially neoplastic changes.

Summary of individual study findings:

Adequacy of the carcinogenicity study and appropriateness of the test model: adequate

Evaluation of tumor findings: The appearance of thyroid tumors had been anticipated due to the
structural similarity to spironolactone. With the concurrence of the CAC the sponsor

conducted several studies to support the species-specific hormonal mechanism of the thyroid

tumors, reported under the “Special Toxicology” section. The sponsor was asked to do further

investigation into the appearance of renal carcinomas in the female HD group. This involved

step-sectioning of the kidneys from the rats in this study and further evaluation of the kidneys
from the rats in the restricted diet study. A more detailed discussion will be provided below in
the overall Carcinogenicity summary.

Study title: Two-year oral gavage combination chronic toxicity and carcinogenicity study

of SC-66110 with dietary control in the rat (MSE-N97140/SA4664)

Key study findings: No histopathology was performed. The sponsor was asked to perform

step sections in light of the renal tumors found in the standard (ad lib feeding) study.

Study number:. = N97140/SA4664

Volume #, and page #:

g—

Conducting laboratory and location:
Date of study initiation: July 29, 1997

GLP compliance: yes
QA report: yes (x) no ()

Drug, lot #, and % purity: SC-66110 lots 96K018-F2B and 96K018-F3A

CAC concurrence: yes

Study Type (2 yr bioassay, alternative model etc.): 2-year bioassay
Species/strain: rat, [Crl:CD(SD)BR]
Number/sex/group; age at start of study:85/sex/group, 6 weeks

Animal housing: individually housed in suspended steel cages. Waffle bottom cages for

those who developed foot problems

Formulation/vehicle: 0.5% methylcellulose and 0.1% polysorbate 80 in distilled water

Drug stability/homogeneity: upfront determinations of homogeneity with visual inspection

during study. Stability and concentration tested during study at weeks

1,4,6,8,12 and every 12 weeks thereafter until the end of the study.
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Methods: ,

-Doses: 0 or 250 mg/kg/day

Basis of dose sglection: MTD

Restriction paradigm for dietary restriction studies: animals given 80% of the food
usually consumed by rats in the test facility

Route of administration: oral gavage

Frequency of drug administration: daity

Dual controls employed: no

Interim sacrifices: week 53, 10rats/sex/group designated

Satellite PK or special study group(s): PK, 6 control rats, 16rats/sex/dose

Deviations from original study protocol: none that affected the interpretation of the study

Statistical methods: originally, no tissues from the study were examined microscopically

so the original analysis examined parameters other than tumorigenicity.

Observations and times:
Survival and Signs: Animals were checked at least once a day during pretreatment and

twice a day during treatment.

Detailed examinations: performed once during pretest and weekly for the toxicology animals
during the study.

Ophthalmic examinations: These exams were conducted on all rats pretest. Due to lack of effects
in the companion study, no additional examinations were performed.

Food Consumption: as described above, this was not measured. It was noted when an animal did
not consume at least 2/3 of the food made available to it.

Body weights: Determined 3 times during the pretreatment period, weekly during the first 26

weeks of the study, every other week from weeks 27-52 and every 4 weeks thereafter. Fasted
body weights were measured for the toxicology animals prior to the week 53 interim euthanasia.

Clinical Pathology: toxicology animals only.

The last 10 animals of each toxicology group were predesignated for hormone assays at months
1,3,6 and 10 and for clinicopathological sampling and euthanasia in week 53. There were no
substitutions for unscheduled deaths. Animals were anesthetized with halothane prior to sample
collection.

Urine was collected ﬁveek 53 from the same animals used for blood collection.

Endocrine screen parameters: aldosterone, triiodothyronine (T3), thyroxine (T4)
Testosterone, thyroid stimulating hormone (TSH)

Hematology (EDTA coagulant): hematocrit (HCT), hemoglobin (Hb), MCH, MCHC, MCV,
MPV, PLT, RBC, WBC and differential.

Clotting parameters (sodium citrate anticoagulant). PT, APTT, Fibrinogen (FIB)
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Clinical Chemistry: ALT, ALB, albumin/globulin, ALP, AST, BUN, Ca, Cl, Chol, Crea, Glob,
Glu, Phos, K, Na, SDH, total bile acids (BILE), total protein (TP), TRIG

Parameters from 4-hour urine sample: volume, osmolality, pH*, protein*, glucose*, ketones*,
occult blood*, bilrubin*, urobilinogen*, microscopic examination of centrifuged sediment.
*= semiquantitative determination.

Parameters from 22 hour urine sample: Ca, Cl, Crea, Phos, K, protein, Na, total urine volume
(including the removed 4 hour amount).

Toxicokinetics: Blood was collected after the first dose and again during week 52 for TK
evaluation. Samples were taken at 0.5, 1,2,3,4,6, 8 and 24 hours after dosing. On each of the
two collection days, each toxicokinetic animal was sampled twice. Plasma was collected and
SENt10  wwemew—ee for analysis.

Results:
A detailed discussion is presented in the original review.

In this 2-year controlled diet study, rats were dosed with 250 mg/kg of eplerenone, the high dose
from the standard 2-year carcinogenicity study. The plasma exposures achieved, compared to
human exposures, were ~6X in male rats and ~10X in female rats. As controlled feeding studies
have been shown to decrease the spontaneous incidence of neoplasias, the present study was
conducted to increase sensitivity of detection of drug effects in case of equivocal results from the
companion study. The sponsor felt that there were no equivocal results in the companion study.
Therefore, no histopathologic analysis of tissues was performed.

The pharmacologic properties of the drug were evident in the increased urinary sodium and
decreased urinary potassium as well as the increased serum aldosterone levels. The increased
osmolarity of the urine may have been due to the increased excretion of sodium.

There were no new findings in this study compared to previous toxicologic evaluations of
eplerenone.

Alterations in renal function were supported by the urinalysis results showing an increase in the
incidence and severity of urinary protein excretion in both sexes of drug-treated rats.

The gross Jesions reported included atrophy/degeneration of the prostate glands and seminal
vesicles of male rats. This was noted also in the companion study. Gross alterations in kidney
morphology were suggestive of CPN. Masses/nodules were reported for the thyroid, a finding to
be expected based upon results of the companion study.

TSH, T3 and T4 levels were consistently elevated in females and inconsistent in males. This

study does not present as clear a picture of the hormonal changes as some other studies with the
compound.
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Overall the present study does not provide any new findings of significance but it does highlight
the difference in body burden of drug in male versus female rats and the different incidences of
gross renal lesions. Female plasma levels of eplerenone were approximately 2X that of males in
terms of AUC and Cmax. There was approximately 10% incidence of gross renal lesions in the
females compared to 0 in the males.

Summary of individual study findings: Consistent with other studies, the plasma exposures
in female rats were twice the level found in male rats. Originally the sponsor felt that there
was no need to perform histopathological analysis on the tissues from this study. In light of
the renal findings in the standard 2-year bioassay, th®sponsor was requested to step
section the kidneys from this study and conduct a hisf8logical evaluation of the tissues. This
is discussed below.

Carcinogenicity summary:

The sponsor presented data for SC-66110 (eplerenone) in a two-year rat bioassay and a 26-week
study in p53 knockout mice. The rationale for the use of the alternative mouse model was the
existence of murine-specific metabolites of unknown genotoxicity. The pS3KO mouse has been
demonstrated to have enhanced susceptibility to genotoxic agents. Therefore it was reasoned that
a positive result in this model would provide more mechanistic information than a positive result
in a traditional mouse strain. Both studies had prior approval of the CAC. Also provided was a
study examining the effect of SC-

- A MALES FEMALES
66110 on radiolabeled thyroxme umor/Tissue Rare/ P-Vaiue (Exact | | Rare/ p-Value (Ezact/
clearance and an ancillary study of Common | Asymptotic) Common | Asymptotic)
the thyroid hormone effects of SC- [FalicalrCall —— [Rare — [0.0353 (Ezact® | [Rare | 00001 (Exact)*
Ad 2/ Thyroid
66110. ' l-‘oI:i-e:ﬂ-aerlm Rare 9.8904 (Exact) Rare 0.4552 (Exact) |
isoma/Thyroid
. ?‘:Tr:c‘:::cw Common | 0.1129 (Exact) Rare 0.0001 (Exact)**
In the pS53 transgenic mouse study, |adenoms and
no tumor findings reached the level |[Carcinoma
of statistical significance according ﬁbmr.%e(lild. Lk; —= Rarc | 03750 (ExacD)
to the CDER statistical analysis. Hypearce | Conmes | 00 ERE— [ Torn— 5060
Plasma level exposure in the mice |Carcinoma/Kidney (Asymptotic)
Tubular Cell Comton | 1.000 (Exact) Rare 0.0072
was from 15X(LD) to 95X (HD) the éz‘.:...a - (Arymptotic)s+*
OMA

human exposure based on AUCy.24
ratios of total eplerenone. Using I, gutimiben=o®

unbound eplerenone and the *=* Stat. sigaificant at 0.0] with asymptotic tm1 and s 0.05 with exact tast

recalculation provided by the sponsor, table 11, p 27., report M3001079, the multiples become 2
- 7X for the females and 1-11X for the males.

In the rat study, CDER statistical analysis showed that the incidence of thyroid follicular cell
adenoma was significant in both sexes of rats and the combined follicular cell adenoma and
carcinoma was significant in the females. The renal tubular cell carcinoma and combined
tubular cell adenoma and carcinoma were significant in females only (Both at p<0.01 with the
asymptotic test and < 0.05 with the exact test). This is summarized in the statistical reviewer’s
(R. Kelley) table shown here.
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The CDER statistical analysis also showed that contrary to the sponsor’s assertion, there was a
statistically significant increase in mortality with dose (p=0.0422 by Cox’s method and p=
0.0188 by Kruskal-Wallis) for the female rats. Of concern to the CDER statistical reviewer were
the unconventional statistical methods used by the sponsor, some of which were inappropriate for
the submitted studies. The reader is referred to Ms. Kelly’s review and to the draft guidance
available on the mternet.

It may also be noted that in the CDER statistical analysis the thyroid tumors reached a greater
significance in femnale rats compared to the males. It should be reiterated that at each dose the
plasma drug levels in female rats were 2-3X the values seen in the males. The study “Isolation
and identification of ['*C]SC-66110 metabolites in rat and dog feces” (Document number
3001063, dated May 17, 2001) examined the urine and feces from a 13 week oral toxicity study
in rats and dog samples. It was demonstrated that approximately 80% of the administered dose
was metabolized in male rats while only 25% of the dose in females was metabolized.

Prior to initiating the studies, the sponsor had postulated that because of the structural and
pharmacologic similarities to spironolactone, eplerenone could be expected to behave as a rodent
carcinogen. In particular, it was anticipated that the induction of hepatic UDPGT and subsequent
accelerated metabolism of thyroxine would disrupt the hypothalamic-pituitary-thyroid axis. It
was anticipated that chronically elevated TSH levels would cause thyroid
hypertrophy/hyperplasia, followed by neoplasia. The association of induction of hepatic UDP-GT - -
and thyroid tumorigenesis in the rat has been found for a number of chemicals including
spironolactone and also nicardipine, bepridil, benzodiazepines and chlorinated hydrocarbons to
name a few. One of the metabolic differences between rats and humans is the presence of a T4-
binding protein (thyroxine binding globulin) found in humans and non-human primates but not in
rodents. This protein increases the half-life of T4 in humans to 5-9 days compared to 12-24
hours in rats. Therefore, induced metabolism of thyroxine and subsequent elevations in TSH
followed by the progression through hypertrophy, hyperplasia and neoplasia would most likely be
a species (rodent)-specific effect.

Concurrent with the carcinogenicity studies, the sponsor conducted studies to examine the effect
of eplerenone treatment on thyroxine clearance and overall thyroid economy.

A 13 week study examining the effect of dosing on the clearance of radiolabeled T4 compared
doses of 250 mg/kg/day and 750 mg/kg/day doses of eplerenone to phenobarbital (50 mg/kg/day
for 3 days followed by 100 mg/kg/day). The 250 mg/kg/day dose caused approximately 29%
increases in mean plasma T4 clearance in both sexes. The 750 mg/kg/day dose increased plasma
T4 clearance by 62% and 87% in male and female rats respectively. The increases produced by
PB were 112% and 88% compared to control in males and females respectively.

A separate study focusing on the thyroid hormone effects was submitted. The review is cited
here for the sake of cohesion of the data. The thyroid hormone study examined the activity of
specific enzymes associated with thyroid metabolism as well as the hormonal levels. Thyroxine
UDPGT activity in pmol/min/g/liver was increased over control values at all points of
determination during the dosing period, significantly so in males, in the HD females at all
treatment points and in the low dose females at 13 weeks. The LD and HD males showed 86%-
103% and 150%-123% increases in activity respectively compared to the control group. The LD
and HD females showed 59%-125% and 227%-203% increases in activity respectively compared
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to the controls. The values in both sexes were not significantly different from the control groups
at the end of the drug-free recovery period. The messenger RNA for UDPGT-2B1 was increased
in males but at most tifpe points was below the 3-fold level set as the level indicative of
induction. Messenger RNA in the 750 mg/kg group was increased up to 4.5X during treatment.
There were no differences from control at the end of the recovery period. In females, the
messenger RNA for UDPGT-2B1 was mildly increased relative to the control group in the 750
mg/kg group. No differences from control were apparent at the end of the recovery period. The
increased activity of the T4-metabolizing enzyme does not seem to be related to synthesis of new
protein. Messenger RNA levels for other microsomal proteins (CYP3A) were substantially
elevated compared to the internal standard (cyclophilin) suggesting the induction of other
metabolizing enzymes to account for hepatic weight increases.

During treatment, T4 values in the eplerenone groups were the same or slightly below control
values. At the end of the recovery period the HD-f group showed a mean 360% increase over the
control values.

TSH levels in the males were 68%-56% greater than control from week 2 to week 13 in the LD
group and 111%-43% greater than control in the HD group over the same time period. Elevated
TSH levels in females showed a different pattern in that the difference from control increased
over the treatment period. The LD and HD females showed changes of 58%-105% and 150%-
300% respectively compared to the control group. At the end of the recovery period, both HD -
males and HD females showed decreases in TSH of 27% and 37% respectively compared to the
control levels.

In the 2-year carcinogencity study, TSH levels were shown to be consistently elevated in MD and
HD females and HD males and less consistently elevated in MD males. T4 values progessively
fell below those of the control group from 3 months onward. These findings are consistent with
those of the thyroid hormone study.

The sponsor has demonstrated increased clearance of radiolabeled T4, sustained increases in
TSH levels, inconsistently decreased T4 plasma levels, and increased activity of hepatic UDPGT,
the rate limiting enzyme for clearance of T4. Induction of CYP3A activity has also been shown.
Correlating with the above changes are increases in liver and thyroid weight and histologic
evidence of hepatocellular hypertrophy as well as thyroid follicular hypertrophy/hyperplasia. The
inconsistency in the T4 levels may be due to the establishment of a new homeostasis.

It could be argued that supplementing T4 in an attempt to prevent the observed changes might
have strengthened the sponsor’s case. However, overall, the sponsor presents reasonable
evidence that there is a hormonal mechanism of action causing the thyroid tumors. It is
suggestive that the thyroid effects seen in rats are species specific.

Given the positive findings for the renal tumors in the CDER statistical analysis of the standard
2-year rat study, the Division requested that the sponsor examine this issue more closely. The
Division made the following requests:

1. A blinded or coded re-evaluation of the existing (standard or std) histopathology sections of
the kidneys from all rats in the ad lib feeding study.
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2. Preparation of step sections of the kidneys from all animals in all dosage groups of both sexes
in the ad lib feeding study.

Blinded evaluation of those step sections.

4. Preparation of standard and step sections from the kidneys of all animals, all groups, both
sexes of the restricted diet study.

Blinded evaluation of the standard and step sections from the restricted diet study.
Re-analysis of the new data.

7. Provide a dataset of the new material for analysis by the CDER biostatistician.

(]
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The methods described below were presented in a May 17, 2002 report from the sponsor.

Histslogical Slide Preparution

The left kidney was sectioned longrtudinaily and the right kidncy was soctioned
uransversely.

“Standard sections™, i.¢.. the ones prepaned and examined for the original report of

Stady SA4063. were made from the approximade midline of each kiduey using the ceniral
calotte of the right kidney (cross section) snd the larper haif of the left kidney
{longitudinal section). These two peeces usually ware embodided together and a single
section of the block was prepared and examined. In some cases the kidneys were oo
large to embed together. o scparate slides were made for left and right kidneys.
fnadvertently. duplicate standant sections were made Ffor 35 rats, all of which were
examined originaily and again in this re-evahistion.

“Step sections™ for the sew evalustion were prepared as follows
(neoukifbed Trom Eustis et al. (3)k the two remaining poles of the night kidney ench were
cul transversely (yiclding 4 picoes iotsl). The rermaining picce of kefd kidney also was
embedded.. Depending on the size of the tissues, the pieces of right and left kidneys were
embedded together of separately. Two sections were prepared from the blocks, the firm
4 the initinl facing and the second spproximately | mm deeper. Therefore, the sicp
sections typically included cight new pieces of right kidney and two of left kideey, Thus,
for this re-evaluation there were 12 sections of kidney from each sndmal, three from the
ket kidney and nine from the right. For the dictary optimization study, step sections were
prepared by the same procedure as for the ad Libinow study.
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The sponsor’s pictorialaepresentation of the standard and step sections are shown here.

347 | 347|347

o

Standard Sections Step Sections

The available slides were coded so that the study pathologist | eesmeem—————— was
unaware of the animal’s identity. The study pathologist reviewed the slides and identified those

animals with proliferative renal lesions

Pathologms Peer Review Precedures
A ratholinry pecr review was condicted bor cach study, alw with lhu'rutlwlog,iala blincked
to the group sdentity of the animals. For tic ad L&stiem study. the pecr revicw was done
jointly by m——— . and. —————
Dr. == seviewed the “standard sections™ from HWF e of the females anad the “standard
sechons” from all males having any proliferative heswn. plus 20% of the other males
trandomly «wloctad). wwmeeem=  goviewnd “dep secthons” from all ammals with s
protiferatise Josaon. plus 2(M of Uk other aninuds (randonidy aclectd). For the dictary
OPIiMu2ation SIudy,  aeee  reviewad all sections from 2P of the animals of both
scacs irandomly aclorted) in addition w all prulifcrative kesions,  e—— nd
then conterncd 1o reach consensus on the proliferative esions from both studics.

Afier thew peer reviews, a PWEG was assembled to revicw all the shides contuining
prolileranive Jesiony confimmad duning the peet resicwa. The PWG aembens alw were
blinded w the animals” group identity. The PWG moderaiof was essweemee | who
wits 1o Jonger blinded at the tinke. The PWG diagnoses were accepued as the final
diagnones for proliferative esions and are the onex reponied here. The PWG's report is
attached as Appendiv 1. The PWG members were:

The sponsor was contacted by telephone by this reviewer May 30, 2002 for clarification of the
methods. A telecon was held June 10, 2002 for further clarification of methodological details.
Present from the FDA were Mr. Daryl Allis, Al DeFelice Ph.D. (Supervisory Pharmacologist),
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this reviewer and Roswitha Kelly, M.S. (Biostatistician). Ms Kelley also pointed out problems
with the dataset that made it unanalyzable by the standard computer program and requested
revision of the dataset tg comply with the guidance on electronic submissions. The details of the
discussion are available in the official minutes of the telecon.

The incidences of neoplasia submitted after the re-evaluation of the studies is shown in the
sponsor’s tables below:

SA4663 Ad Lib Feeding Study

Table 2 Incidence of Tubalar Cell Prulifcystive Lesions for Standard
Sections frem SA 366 (adf fidirum Feeding Study)
(Baned wn PWG Review)
Contropl 20 % 22
movovey 1 _eowgdar ] mokgay |
) Maiss
| vopepiasia | 0 2 1 o
Acsrvma ! 2 0 h] ]
Carcremny | 0 ] [\
Tots! sheciod 3 2 2 1
[ 13
|~ SnaTs
Femaies
r_’m L
Adenna 0 Fd
Carcitnrria ] 2
Toosl afleciad 1 2 0 .
anmes
Table ). Incidence of Tabular Cell Preliferative Lesions for All Sectians
Combined from SA466Y (ad Lhitnam Freding Study)
{Bured 06 PWC Review)
Contres 20 75 250 mokpidey
mghgidey myhgidey
Males
| Hpapiae p | 2
Adsncma 2 2
j. Carcinoms L 9
Yotal sffectad s ‘ o R i
Smals ]
fomales i
| Myperpime 9 S !
Adencma 2 2 o B
Caranoma 0 0 1
Total sffected
2 e o 12 !
arensis J
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SA4664 Restricted Diet Study

Table & . Imcidesce of Tubular Cell Preliferative Lesions for Standard
Sectiom from SA4664 (Dietary Optimization Study)

| coreol {250mansnay

Maes
Hyparpiasia g 0 Table ™. Incidence of Tubalar Cell Proliferastve Lestons for Al Sectiont
hderama [ 0 C.o-b'ned frem SA 46646 (Dictary Optimization Study)
Corcrars ] '
focted - __l___]é_emw
1] [+] j
Majes
Fomves Hynoplans 2 3
Hiperpiseia 0 o noma 1 !
posnarra [ o Cor-nrama L] g
Carcinora [ ¢ P Recwd ' e N
N promisia -
0 ° .
s arrwion
[ &l 0 1
ety '] 3
Caoname 0 ]
tﬁan
0 3

The sponsor proposed correlation of the tumors to Chronic Progressive Nephropathy (CPN) and
provided the following tables:

Tabde 2.7 Jacidence of Females with Resal Tobular Cedl Prodiferstive Lesions
ot Each O\ Grade { AY) Donr Growps) im S A4h1 (od libitum
Ferding Nwd) ) (e e
CPMGade _® 1 2 3 & s a
ypempissis iInasee O 24T 0P WSy 1 527 ]
l . . L a [ 14 [ 27 £ 38
| wnadsies; 21 .o0d0s™ hy ~
IR @ basS; 74 DOvEee °
Agenoms madence Q72 2147 O%1 a8 222 4T &
(ang Corcinoma) Percent ©o_14 o 9 % (7o)
(nedy.ated; e OMT o S—
Hrme acuied: o1 0150 0" podtte W
Adencama, mooene 025 4147 0% 5§83 627 | —
Carci and Peesset 6 3 56 0 14 3n m
| Myoamissia _l: tunadisted: PR U OB SR L <D
1rme adgukwd: §2 0310 o' a1
*px 05 *pg 01, **pz,0C* %
-

1

(=]
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Incidence of Females with Remal Tubsbnr Coll Prodiferative §oslhons

Table .11,
at Ench CPN Grade (AM Dose Graups Combined) in S.A8604
(Dhetary Optimieation Study)
]
CPN Grade 1 2 3 4 5
Myperpiasia incitencey g 91 g 1] 13 an
Percom ] g & 3 =
£ {uradhusied) 10 o1
D (e acpumted) 19 v
Aduncwms end Incierce M o o W3 i)
Hyporpiasta Percom 28 0 o n -
# {uradusied) .80 ik o
p ltswe adumtert o3

0, 05, 0,01, "> 00

Table 2.8, Incidence of Males with Reasi Tubuiar Cell Proliferative Lesivas
#t Each CPN Grade (AR Dose Gesups Combiaed) in SA4D
(ow Bl Fending Study)
CPM Grade 1 2 3 4 3
Hypwploels roideme 71 o3 me %8 N
Parcant 0 ] 2 4 8
P {unecusindy 42 e oo
2Ime ot L0 S Lo
Adenome rckiwcs 4T WTI B8 Us§ 37
and Corcimomse | Percent 2 1 2 2 1% ]
p {ardisted AT oo
Slame adhuindt -l
Adsnoma, cidrce amn W3 488 ass ¥Ir
Carcinome, end | Parcent g 1 5 3 24
Hypurptasiz | p (unacjusted) 48 o mE et
SR e
RS 08, “pe a1, “p 001
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lacidence of Males with Renal Tubnkar Ce Proliferatis e Lesions

Table 2.10.
’ ot Lack € PN Grade (Al Duse Groups Lombincd) e NAS04
(Dietary Optimization Mud)y )
Coh (e r (] 2 4 ¢ 5
Hyperptasia Ve s 08 vNE L 8 i /%)
Epresr C 1 g 2C 2l
(AL T o] ey 0ay™
L ime adusraa M 2
A ] NN 028 1116 ] W8 Qaz (3
Buit ot [ 1 [ il ) -
£ radasinch 24
% (tene et 19
Adenoms anY reoemwe oIy e &2l FL-] 1.2 wo
Wyperpiasia o Lix st C i o 47 K
E 1radesach -] 20T Qe
2 ame adusen’ 83 Do4t oot

*pg U5 *agdn “px.DO
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The sponsor cited furosemide, hydrochlorthiazide and monochloro-1,2-propanediol (a trace bi-
product in acid hydrolyzed vegetable protein) as chemicals that caused an increased incidence
and/or severity of CPN. The literature references provided by the sponsor are summarized below.

Monochloro-i,z—probanediol (Lynch et al., Carcinogenicity of monochloro-1,2-propanediol (o
chlorohydrin, 3-MCPD. International Journa! of Toxicology,17:47-76, 1998).
Table 4. Histalapea! findings i the Bunshary ot sl {1983; 3-yr rmt

Based on the available data concerning ~ fU=Ew==y sedr —_—— = —
dermal application to ICR/HA Swiss _ Dome 7oy ppm o drinking weterl
mice, 3-MCPD does not appear to be Orgpapndzy O 0 Ll 300
carcinogenic to mice. . Males
Nusmber examined 50 0 L) L)
Survival in one rat study was m:g bypuryiae b = - -
significantly increased in males and Loydig-call carcmoma ° 0 °
completely unaffected in another study. Mpmmeryghead o - . o
In the author’s words: Chandular hypersiaa : 1 w -
A highly significant dose- Adenesa ° 0 1 1
dependent increase in Adenecarcincate ° o ! !
atypical renal tubular Preputai gunde s W " -
hyperplasia was also m H a H :
reported in both sexes of 00
the intermediate and high- ~ Mymber examines o o g prd
dose-groups. In addition, Tubular dyperplasia 3 M W 3¢
chronic progressive Tubalar adenaca o ° ' s
nephropathy was Femtim
significantly increased in ":;""—"5-" : g ::' :g_
incidence, and particularly Tudalar hypevplasia 2 4 2 n
in severity, in males and =~ o sdemems ° 3 ° i
females of the rvetat s Al st ot s i et £ et v

intermediate- and top-dose  nodule Siace tus organ was oit exxmined m aB asmils. Beaningfel dats-
. tical anatysu of the sumoe Iadense (annet te conduciod
groups, with females more n‘?ﬁwmnu_v ugnificam ot p < 06 (patrwise Fader's tsl betwoelt tresied
comtroly
adversely affected than - iy scgaifcont 1 » < 1. .
males. There were clear “Blaustically symbcaat ot p < .00)
correlations between the severity of the nephropathy and the incidence/degree of

renal tubular hyperplasia and presence of renal tubular adenomas.
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Furosemide (Bucher et al. To.xicology and Carcinogenicity Studies of Diuretics in F344 Rats and
B6C3F1 Mice 2. Furosemide. J. Appl Tox, Vol 10(5), 369-378 (1990)).

There were no si'gniﬁcant differences in survival in any groups of either sex in the 2-year rat
studies. Nephropathy was observed at similar incidences but with increased severity in dosed
male rats relative to controls. Incidence and severity were not affected in female rats. The
following incidences were provided in the reference:

Number of rats with the selected lesion

Renal Tubular | Dose ppm
cell lesions Males Females

0 350 700 0 350 700
# examined 50 50 50 50 50 50
Hyperplasia 6 5 10 ] 0 0
Adenoma 3 4 5 0 0 0
Adeno- 0 1 1 0 0 0
carcinoma

Hydrochlorthiazide (Bucher et al. Toxicology and Carcinogenicity Studies of Diuretics in F344
rats and B6C3F1 Mice 1. Hydrochlorthiazide) J. Appl Tox., Vol 10(5), 359-367 (1990)).

No significant differences in survival were observed between any groups of either sex. Severity o
of CPN was increased in dosed groups relative to controls. The following incidences of tumors

were provided in the reference:

Renal Tubular { Dose ppm
cell lesions Males Females -

0 250 500 2000 0 250 500 2000
# examined 50 49 50 50 50 50 49 50
Hyperplasia 0 0 ] 0 0 0 0 0
Adenoma 3 1 0 1 0 0 1 1

Carcinogenicity conclusions:
After evaluation of the additional information submitted by the sponsor, the Executive CAC
concluded that the renal neoplasia in HD females was not a biologically significant finding.

Labeling Recommendations: Acceptable as written.

Addendum/appendix listing:
Dose-ranging study report: Included under General Toxicology
CAC report: minutes available in DFS

Alternative study protocols and CAC report: NA

Sponsor’s incidence of histopathology findings: Submitted to CAC and Biometrics
List of organs and tissues examined: See original reviews
Body weight changes versus dose level: See original Reviews

Group body weight summary: See original reviews

Individual data listing: see original reviews
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VII. REPRODUCTIVE AND DEVELOPMENTAL TOXICOLOGY:
N.B.For the follov»;ing studies, ratios of animal to human AUC based on free eplerenone (rather
than total) are from the sponsor’s calculations presented in P6001171.

Study title: Study of fertility and early embryonic development to implantation in rats with
orally administered SC-66110

Key study findings: SC-66110 at doses up to 300 mg/kg did not affect the following
reproductive parameters in rats: mating behavior, sperm production and viability, conception,
implantation and in-utero survival.

Study no.: SA4455/700-342

Volume #, and page #:

Conducting laboratory and location:
Date of study initiation:12/5/1995
GLP compliance: yes

QA reports: yes (x) no ()

Drug, lot #, radiolabel, and % purity: SC-66110 lot GDS-6050-001
Formulation/vehicle: 0.5% methylcellulose and 0.1% Tween 80

Methods: Sprague-Dawley Crl: CD rats (25/sex/group; 6-7 weeks old) were treated by oral
gavage at doses of 0, 20, 100 or 300 mg/kg. An additional group of males were treated with the
high dose (300 mg/kg) and were mated with untreated females. Males were dosed at least 27
days before mating and throughout the mating period until termination. Females were dosed for
at least 13 days before mating, throughout the mating period and through gestation day 7.

On day 13 of gestation, females were euthanized and examined grossly. The uterus was
examined for number of implantation sites, live and dead fetuses, early and late resorptions and
abnormalities of the uterus or embryonic sacs. The ovaries were examined for number of corpora
lutea. Males were euthanized on days 71-73 and examined grossly. The left testis, left
epididymus, seminal vesicles, coagulation gland and prostate were fixed for histopathological
examination. Epididymal sperm were collected for examination of sperm morphology.

Results: -
No treatment related deaths were reported. There were minimal changes in body weight
gains or food consumption ( a transient decrease in gain from GD3-GD7 in HD females).
There was no treatment-related difference in reproductive performance (male/female
copulation index). In the females, the number of corpora lutea and implantation sites
were similar between groups. There were no dead fetuses. In the males, there was no
evidence of reduced sperm motility or in mean sperm count.

SC-66110 at doses up to 300 mg/kg did not affect the following reproductive parameters

in rats: mating behavior, sperm production and viability, conception, implantation and in-
utero survival.
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Study title: A study of the effects of oral administration of SC-66110 on fertility and early
embryonic developmeat to implantation in male and female rats and Searle Container
report amendment no.1

Key study findings: Both HD males and females gained less weight than did the control groups.
There were no significant effects upon the treated females. Untreated females mated with the
HD males produced a decrease in viable fetuses and increased absolute and percentages of pre-
implantation loss. The HD males used for this mating showed decreased weight of seminal
vesicles and epididymides as well as minor alterations in ®erm morphology The NOAEL for
male fertility effects in this study was 300 mg/kg/day, a dse that gave ~8X the predicted human
exposure. The NOAEL for female fertility was 1000 mg/kg/day (~30X human exposure).

Study no.: SA4997/, «== 111116

Volume #, and page #:

Conducting laboratory and location: R ——

Date of study initiation: January 20, 2001

GLP compliance: yes

QA reports: yes (x) no ()

Drug, lot #, radiolabel, and % purity: SC-66110 lot 97K017-F1A

Formulation/vehicle: 0.5% methylcellulose and 0.1% polysorbate 80 in deionized water.

Methods:

Sprague-Dawley rats were orally gavaged with 0, 100, 300 or 1000 mg/kg/day of SC-
66110. Females were treated for 2 weeks prior to mating through gestation day 7 then
mated with untreated males. After this mating period, the untreated males were then
treated for10 weeks prior to the second mating period. The treated males were paired
with untreated females. Mating and fertility indices were examined, including vaginal
smears for cytological evaluaton. GD15 laparotomies were performed on females
following euthanasia. Factors examined included corpora lutea, number and location of
embryos, early resorptions, total implantation sites, viability of embryos. Following
euthanasia, males were assessed for sperm number, motility and morphology. The
following tissues were collected for histopathology: adrenal, epididymus, heart, kidney,
liver, pituitary, prostate, seminal vesicle and coagulating gland, testes and vas deferens.
Toxicokinetics were assessed for male rats only.

Results:

Both HD males and females gained less weight than did the control groups. In the first
two weeks of dosing this was significant at p<0.01. There were no apparent differences in rate of
gain during gestation. There were no significant reproductive effects upon the treated females.
Treated males showed some changes in sperm morphology such as normal sperm heads with
absent flagella and absent head with normal flagella. Untreated females mated with the HD
males produced a decrease in viable fetuses and increased absolute and percentages of pre-
implantation loss. The HD males used for this mating showed decreased weight of seminal
vesicles and epididymides as well as minor alterations in sperm morphology (discussed above).
Based upon the free eplerenone values as provided in M3001079, table 6, plasma values obtained
after 10 weeks of dosing for the males showed AUC,.,4 values from ~3X-23X the values
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achieved in humans following repeat dosing. The NOAEL for male fertility effects in this study
was 300 mg/kg/day, a dose that gave ~8X the predicted human exposure. The NOAEL for
female fertility was 1000 mg/kg/day. See original review for further details.
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Study title: Embryo-fetal developmental toxicity study of SC-66110 in rats (segment II) and
final report amendment No.1.

Key study findings: Female rats were dosed at levels of 20, 100 or 300 mg/kg/day with no
reported maternal clinical signs or effect on mean body weight. PK data showed good
systemic availability. An increased incidence of 14” rudimentary ribs was considered to be
a developmental variation. No other external, visceral or skeletal effects were reported.
The ratios of rat:human AUCs based on free eplerenone at the NOEL of 300 mg/kg were
26X and 11X on GD6 and GD17 respectively.

Study no.: SA4468
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Volume #, and page #:

Conducting laberatory and location: GD Searle and Co., Skokie, IL
Date of study initiation: 2/12/1996

GLP compliance: yes _

QA reports: yes (x) no ()

Drug, lot #, radiolabel, and % purity: SC-66110 lot number RCT-9938
Formulation/vehicle: 0.5% methylcellulose and 0.1% polysorbate 80

Methods:
Female e (VAF) CD rats were given SC-66110 by gavage at 20, 100 or 300
mg/kg from GD6-17. Control rats (25) received the vehicle. Additional groups of rats
(12/test group and 2 controls) received SC-66110 for assessment of bioavailability on
days 7 and 18.
Observations:
Signs and survival were checked daily. Body weights were determined GDO, 6,8,10, 13 and 15.
Maternal observations included number of corpora lutea, implantations, resorptions and live or
dead fetuses. Placentas were examined grossly. Fetal observations included the weighing and
external examination of each. Live fetuses were euthanized. The viscera of every other fetus
were examined; the head was removed and preserved. Heads and skeletons of the control and
HD groups were examined.

Results:
Examination of the reproductive status of females euthanized GD20 showed no adverse
effects on the average number of corpora lutea, implantations, resorptions and live or dead feti.
One fetus in the control group had a
Table 4 Resulte of Skeistal Feral Exasination missing skull bone. One fetus in the
MD group showed a shortened lower

SC-181 10
g k' dayy Coswol 20 1@ X0 jaw, This finding was considered
W’; o ‘ 0 incidental because there were no
No., Exami * M L . . ’
o, with 2 ) , ,  Similar ﬁndmgs in the HD group.
Na. of Maomasom 2 . i 2 Skeletal examinations showed an
Na. with Yartion 2 - ' 4 increased incidence of 14%
N of Varigtions 1 - ! % rudimentary ribs in both the control
— group (19fetuses/8 litters) and in the
No. Examined n ! % HD group (48 fetuses/17 litters).
m.mmuﬂh-&- 2 ! 2 These findings were considered
No. Foul Varieten 1] | 9 s
A developmental variations and not
serchne commt 197 ) iagr 1a related to drug treatment. They may
: ' - also be related to maternal toxicity
TYPE AND NUMBER OF FETAL L
\LTERATIONS. (Not of FraeseuNi.of Lot except that no maternal tox1f:1ty was
Bone Sit - shall (M) n . 0 o reported. There was a transient
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Fuaed Shonesed Lowes Jiw (M) 0 - 11 GD10 for all dosage groups. No other
Rbe Kasbesd (M) ° : o *T  findings on external, visceral or
M = Malformation; ¥ = Varistion skeletal effects were reported. Fetal
’ %‘g&"’ o MMWM’M 1o Eversad Findingor  WEIghts were unaffected. PK data
et ks jow- showed good systemic bioavailability,
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with decreased exposure after repeated administration, similar to previous findings. Maternal
weight was not affected and no clinical signs were reported.

-

Table 4, Rosmits of Skedotal Fetnd Examination

L TR
gt kiday ) Comtrol 20 {4 0
TYFEAND NIBER OF FETAL ’
ALTERATIONS: (No. of FetusesNo. of Litters}
Skull Bone
Reduced Osiafication (V) 11 - g 11
Sternehrac Umasafied {V) 1 - 8} 11
Sicrmebrae Displaced (V) It < [+] 0
Venebnal Cemtrum Bipartite
Cleaved (V) 33 B 0 33
Verobral Cemtrum Unilatorally
Omsified (V) It - 4] 1]
Verwebal Contrum Unossifued (V) 141 0 12
Pubts Unossified (V) 11 [} ] 1]
Lith Rudimentary Rib¢sy (V) 198 . i} 4347
14¢h Shortened Ribis) (V) 41 [+ 111
M = Malfornuation
V'~ ¥uristion

Study title: A study of the effects of SC-66110 on embryo/fetal development in rats

Key study findings: When female rats were dosed to the point of maternal toxicity as
manifested by decreased weight gain, the only apparent effect on the pups was decreased
weight. Toxicokinetic data indicated fetal as well as maternal exposure. The fetal NOAEL
in this study was 300 mg/kg, with AUC values 31X and 15X the expected human
therapeutic exposure on GD6 and GD17 respectively. This repeat Seg II study, using the
MD and HD from study SA4468 and the inclusion of a new higher dose, provide additional
support that the skeletal effects of the previous study were in fact variations and not drug-
related.

Study no.: SA4990 -

Volume #, and page #:

Conducting laboratory and location: Srm—

Date of study initiation: November 9, 1999

GLP compliance: yes

QA reports: yes (x) no ()

Drug, lot #, radiolabel, and % purity: SC-66110 lot 97K017-F1A
Formulation/vehicle: 0.5% methylcellulose and 0.1% polysorbate 80

117



Reviewer: E.A Hausner, D.V.M. NDA No.21437

Methods:
Female Crl: CD®(SD)IGSBR rats were orally dosed with 100, 300 or 1000 mg/kg of SC-
66110 from GDG-17. An additional 9 rats per dose were used for toxicokinetic analysis
of both fetal and maternal plasma levels on GD20. Dams in the main study were
euthanized Day20 and examined for corpora lutea per ovary, number and location of
fetuses, early and late resorptions, total number of implantation sites. Fetuses were
weighed and examined for external, visceral and skeletal anomalies.

Results:
See original review for detailed discussion. Maternal toxicity was evidenced by decreased weight

gain ( 6%, p<0.01) in the HD group compared to the controls. The only apparent effect on the
fetuses was a significant (p<0.01) decrease in average weight of male and female pups from HD
dams. This effect may have been secondary to maternal toxicity.
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...................................................................................................................................
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8.9. 2.69 3.0¢ 2.96 6.0 .84 .30 0.5%¢0 1.9 2.3¢ 31.47 [ 1%+
32 TOTAL 199 102 F221 [ ] 1% 2 17 300 “s s? [ 'Y a
AN 7.9 7.8 15.% [N 0.6 0.1 0.9 6.2 8.5 2.4 3.8
5.D. 2.36 2.8 1.04 .08 [ 2% 2 .28 [ X 3} 1.82 2.9 .0 [ 3%
3 TOTAL 1% ie2 374 ] 14 1 15 k1 1) a2 (1) " b3}
NRBAM 7.7 7.3 15.0 9.0 .6 s0 0.é 18.¢ 3112 3.8 3.6
$.0. 2.33 2.7 1.40 $.00 [ %) 0.2¢0 0.7¢ 3.88 .0 1.9¢ .19
s TOTAL 350 1B} F3 1Y [ ] pi ) 1 20 b 1 3 402 [ 3] na 33
MEAR .3 7.9 34.8 t.0 0.3 S0 0.9 15.3 17.% 2.3 3. )ee
$.0. 3.5¢ 2.30 3.59 e.00 2.0 0.23 2.0 1.7 2.9 .9 0.27
¢ . Bigpiticestly diitarast frem the GaatIcl gzoup ot €.0)
RA o CT APPLLICABLE
NEAN WMAMEER Of VIANE FETUSES, NEAX IKDIEE OF [MPLANTATION SITES. MRAR FUMBER OF CORPORA LUTEX COMPARED UBING DINNETY'S TEST
NEAN FETAL SODY WRIGHTS COVMPARED DEING ANALYSIS OF COVARIANE WITH STIDENT'S T-TRST
1- 0 M/RG/DAY 2- AP0 NG/RG/DAY 3+ 308 MG/ZS/DAY 4- 1000 NG/EC/DAY

Toxicokinetic analysis showed that the fetuses were exposed to the drug in utero.

Day 20, the maternal and fetal levels of total SC-66110 were equivalent at the approximate
Tmax. Consistent with other studies, AUCy.,4 decreased over time, most likely due to induction
of hepatic metabolism. The highest dosage in the present study gave plasma levels ~31X higher
than expected in humans based-upon total eplerenone. The lowest dosage level gave plasma
levels over 5 times the expected human exposure. The fetal NOAEL in this study was 300
mg/kg, with plasma levels 15X those expected at the human therapeutic dosage. The maternal
NOEL was 100 mg/kg based upon body weight.

Using the tables provided in M3001079, the ratios of free eplerenone AUC for rats compared to
humans were ~6.5X(LD) and 20X(MD, 300 mg/kg/day).
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Study title: A‘rahge-_ﬁ‘nding pre- and postnatal toxicity study of SC-66110 in rats (EX4855)

Key study findings: There was a decrease in maternal food consumption during the first few
days of dosing, but overall the dosages were well-tolerated by the dams. The pharmacokinetic
data showed a proportional increase in plasma levels from 500 to 750 mg/kg and essentially no
change from 750 to 1000 mg/kg. AUC 24 decreased over time, consistent with other studies and
the induction of metabolism that has been shown.

Study no.: EX4855

Volume #, and page #:

Conducting laboratory and location: GD Searle and Co, Skokie, IL
Date of study initiation: November 3, 1998

GLP compliance: no

QA reports: yes () no (x)

Drug, lot #, radiolabel, and % purity: SC-66110, lot 96K018-F3A
Formulation/vehicle: 0.5% methylcellulose and 0.1% polysorbate

Methods:
SC-66110 at doses of 500, 750 and 1000 mg/kg/day were given to pregnant
Crl:CD(SD)IGS BR rats from GD6 through lactation day 3 for toxicology. The same
dosages were given to separate groups of animals from GD6 through 20 for
pharmacokinetic analysis. The observations made in the toxicology portion of the range
findings study were primarily weight, food consumption, mortality and clinical signs.
Numbers of corpora lutea, implantations, litter size and pre-implantation loss were
reported.

Results:
There was a decrease in food consumption but no significant effect upon maternal weight.
Body weight of the pups was affected at all dosages. Decreased day 1 body weight as a
percent of control pup weight was 6, 7 and 12% from lowest dosage to highest. Day 4
percent differences from mean control weight were 3, 9 and 13% from LD to HD.
The pharmacokinetic data showed a proportional increase in plasma levels from 500 to
750 mg/kg and essentially no change from 750 to 1000 mg/kg. AUCo.24 decreased over
time, consistent with other studies and the induction of metabolism that has been shown.

Study title: Study of effects on pre- and post-natal development in CD rat by oral gavage
administration of SC-66110

Key study findings: The HD caused maternal toxicity in the form of decreased weight gain and
food consumption with milder effects noted in the MD group. Reproductive indices for the FO
dams were unaffected. F1 male and female HD pups showed lower mean body weight than the
control, LD or MD groups. The decrease in weight gain persisted in both sexes until euthanasia.
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- -

Slight growth delays (balanopreputial separation in the HD males) were also noted in these pups.
Reproductive performance of the F1 offspring appeared to be unaffected as were behavioral,
functional and learning tests. The maternal NOAEL based upon weight effects was 100 mg/kg in
this study. The high ¢o§e of 1000 mg/kg produced maternal toxicity in decreased weight gain and
pup effects of decreased weight and slight delay in development as indicated by time of balano-
preputial separation.

Study no.: SA4891/ ——'162/994319
Volume #, and page #:

Conducting laboratory and location: ;
Date of study initiation: April 6, 1999
GLP compliance: yes

QA reports: yes (x) no ()

Drug, lot #, radiolabel, and % purity: SC-66110 lot 96K020-F1A
Formulation/vehicle: 0.5% methylcellulose and 0.1% polysorbate 80

Methods:
Female Cri:CD®BR rats were orally dosed with 0, 100, 300 or 1000 mg/kg/day of SC-
66110 from GD6 to lactanon day 20. Offspring were monitored for viability,
survivability, body weights, auditory function, visual function, neuromuscular function,
learning ability and reproductive capacity. Blood samples were collected from selected
pups at 2 or 4 hours after maternal dosing on Day 4 of age. Details of this analysis were
reported separately.

Results:

The high dose caused maternal toxicity in the form of decreased bodyweight gain and food

consumption. The mid-dose, 300 mg/kg caused slightly less body weight effects and the low

dose caused no discernible weight effects. All treated FO females showed dose-dependent

increases in absolute and normalized liver weights, which appears to be the primary treatment

related finding in the FO maternal group. The percent increases from control for absolute liver

weight were 5-59% and 7-58% for normalized liver weight. Reproductive indices of gestation,

post-implantation survival, live birth and viability were unaffected as reported.

Both male and female HD offspring from birth to day 28 showed lower body weight than the
control group or the offspring of the LD and MD groups (males 18-9%,p<0.01; females 14-8%,
p<0.01). From 5 weeks of age to euthanasia, the male offspring of the HD group showed lower
weight gain than the other three groups who were essentially indistinguishable. The HD male
offspring were from 7-10% lower than control mean body weights (p<0.1). Female offspring of
the HD group also showed slightly lower (4-6%) weight gain than the control and MD groups
from 5-9 weeks of age. F1 males also showed a slight delay in the balano-preputial separation
although this may be due to the overall delay in growth. A similar delay in growth was noted in
the females.

Reproductive performance of the F1 generation appeared to be unaffected as evidenced by litter
size, offspring survival to day 7 and offspring bodyweight.
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Behavioral tests of the Fl éeneration showed no significant differences from the control
offspring.

The maternal NOAEL for this study was 100 mg/kg/day. Doses up to 300 mg/kg/day did not
appear to have an affect on development of the F1 offspring as assessed by the parameters
described in the report.

Plasma levels of both SC-66110 and SC-70303 were detectable in neonates at all doses.

Study title: Embryo-fetal development study in New Zealand White Rabbits with SC-66110

Key study findings: There was maternal toxicity evidenced by dose-dependent decreases in
food consumption and weight loss which were significant at the HD (300 mg/kg/day).

While there was no evidence of teratogenicity, there were increases in early resorptions and
post-implantation losses in the HD group.

Study no.: SA4479

Volume #, and page #:

Conducting laboratory and location: .
Date of study initiation: February 26, 1996
GLP compliance: yes

QA reports: yes (x) no ()

Drug, lot #, radiolabel, and % purity: SC-66110, lot number not given
Formulation/vehicle: 0.5% methylcellulose and 0.1% polysorbate 80

Methods:
SC-66110 was given once a day by oral gavage to groups of 25 pregnant NZW rabbits at
dosages of 20, 100 or 300 mg/kg/day from GD7-20. Six additional rabbits per dosage
were used for a pharmacokinetic evaluation on GD7 and GD19. Following euthanasia on
GD29, the uteruses were weighed. Number and location of fetuses, viability, early and
late resorptions, total number of implants and corpora lutea were recorded. Both viable
and non-viable fetuses were examined externally, viscerally and skeletally. Data from the
non-viable feti was not included in the summary tables.

Results:

No deaths or altered clinical signs were reported. There was a dose-dependent effect on body
weights and food consumption which was significant at the 300 mg/kg group from gestation day
19-21. These values reached control values by gestation day 30. Examination of females
euthanized GD29 showed no adverse effects on corpora lutea or number of implantations.
However, mean gravid uterine weight was decreased in the HD does. In the 300 mg/kg group
there was a significant increase (mean of 0.42/doe in controls vs 1.11 /doe in the HD) in early
resorptions and an increase in post-implantation loss (mean of 0.58/doe in the controls vs
1.47/doe HD) which was interpreted as being due to developmental toxicity.
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Fetal body weights were unaffected. There were no fetal external, visceral, skeletal or head
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abnormalities reported that the sponsor attributed to drug treatment. Hydrocephaly was reported
for 2 fetuses, one in each of 2 different HD litters versus 0 in any other treatment group or the
controls. Five litters in the MD group and 5 litters in the HD group showed hypoplasia of the gall
bladder. One litter in the control and LD groups was similarly affected. Seven HD litters were
reported to have 7™ cervical rib effects compared to 1 control litter (p<0.05 by Chi Square and
Fisher’s exact test). Data for this effect was not provided for the LD and MD groups so an
evaluation of a dose-response effect is not possible.

Pharmacokinetic data showed that the drug was systemically available at all dose levels and did
not change with repeated exposure. AUC levels in rabbits were 0.82 — 20X the anticipated
human therapeutic level for free eplerenone based upon values from the M3001079, table 7. A
maternal NOEL was not identified based upon weight effects.

Summary of individual study findings: See above

Reproductive and develbpmental toxicology summary:
The reproductive toxicology assessment included fertility studies in the rat, embryo-fetal
development in the rat and rabbit and post-natal development in the rat. PK and metabolism

studies indicated maternal and fetal exposure through the blood. Neonates were also exposed via
the dam’s milk.

Fertility:

Fertility in female rats was unaffected except at those doses producing maternal toxicity with a
NOAEL of 1000 mg/kg/day.

Males given 1000 mg/kg/day for 10 weeks prior to mating showed significantly decreased
seminal vesicle weight (82% of control values) and epididymus weights (90% of control).
Breeding these males to untreated females resulted in a slight increase in pre-implantation loss:
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18% vs 11% in the control group. One possibility is that the seminal vesicles were producing
smaller or poorer quality copulatory plugs, a factor that may contribute to infertility and is
species specific. Thereavas also material from this study to indicate a decrease in the quality of
the sperm. There were some very slight changes in sperm analysis parameters. In particular,
normal sperm heads with absent flagellum was 0.6+1.06% in control males and 0.7+1.33% in
HD males. An absent head with a normal flagellum was listed as 0.1+0.42 for the control group
v. 0.81+2.21 for the HD group. Both parameter values for the HD males are outside the historical
ranges provided by the laboratory (the historical value for normal head, absent flagellum is
0.6+0.32 and for absent head, normal flagellum is 0+0%). Although there were no significant
differences in the numbers of homogenization-resistant sperm, this value says nothing about the
adequacy or normality of release from the Sertoli cells. The dosage used in this study produced
~23X estimated human exposure based upon unbound plasma eplerenone values.

It should also be noted that lower dosages producing lower multiples of human exposure have
also affected male reproductive organ weight, as demonstrated in the carcinogenicity studies.
These changes were already addressed in the toxicology and carcinogenicity sections of this
review.

Embryo-fetal development:

Rats

There was no discernible effect upon rat fetuses except at dosages causing maternal toxicity.
Toxicokinetic analysis indicated that the fetuses were exposed to drug in utero. Day 20, the
maternal and fetal levels of total SC-66110 were equivalent at the approximate Tmax. Plasma
levels of parent compound were detected in the fetuses at Cpi, except in the LD group.
Consistent with other studies, AUCo.24 values decreased over time, most likely due to induction
of metabolism. From lowest dosage to highest, the plasma levels in this study were 5-31X those
produced in humans at the therapeutic dosage based upon free eplerenone. The fetal NOAEL in
this study was the MD of 300 mg/kg. The mean plasma levels of eplerenone at this dosage were
15X the expected human plasma levels. The maternal NOEL was 100 mg/kg.

Rabbits

Matemnal toxicity was evidenced by dose-dependent decreases in food consumption and body
weight of 9% (p<0.05) at the HD (300 mg/kg/day). Early resorptions at the HD were
significantly increased as were post-implantation losses. There were no fetal external, visceral,
skeletal or cranial anomalies reported that could be attributed to drug treatment although there
were increased litters with gallbladder effects, 7" cervical rib effects and hydrocephaly when
compared to the contro] groups. Pharmacokinetic data showed that the drug was systemically
available at all dosages and exposure did not change with repeated dosing. AUC in the rabbits
were 0.82 — 20X of the anticipated human exposure based on free eplerenone. A maternal NOEL
was not identified based upon weight loss in all treatment groups.
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Pre and Post-natal developmexit

Both the MD of 300 mg/kg and the HD of 1000 mg/kg caused decreased food consumption and
weight gain in the adul{rats with a more severe effect in the HD group. Reproductive indices for
the FO dams were unaffected. The FI male and female pups of the HD group showed lower

mean body weight than the pups of the 0, LD or MD groups. The decrease in weight gain
persisted in both sexes unti] euthanasia. A developmental delay was indicated by slight increase
in the time to balano-preputial separation. Based upon weight effects, the NOAEL for
developmental toxicity in this study was 100 mg/kg/day, which produces ~8X the human plasma
exposure.

Reproductive and developmental toxicology conclusions:

Rabbits appear to be very sensitive to the effects of eplerenone. No maternal NOEL was
identified based upon body weight effects. At the dosages tested, there were increases in
resorptions and post-implantation losses in conjunction with decreased weight and clinical signs
of decreased urination and defecation. i
Epelerenone given orally to rats appears to affect female fertility, embryo-fetal development and -
post-natal development only at dosages causing maternal toxicity. There are indications from the
reproductive toxicity studies that eplerenone may have the capacity to alter male rat fertility at
~23X the human exposure without evidence of paternal toxicity.

Labeling recommendations: Acceptable as written.

VIII. SPECIAL TOXICOLOGY STUDIES:

Study title: Comparison of hepatic activities of eplerenone (SC-66110) and spironolactone
in rats

Key study findings: Drug-treatment produced increases in liver weight in this non-GLP
study. Both drugs caused some induction of hepatic drug-metabolizing enzymes.

Study no:EX4107

Volume #, and page #:

Conducting laboratory and location: GD Searle, Skokie, IL for in life portion and some
analysis

Date of study initiation: August 18, 1993

GLP compliance: no

QA reports: yes () no (x): -

Drug, lot #, radiolabel, and % purity: eplerenone lot B-90081, spironolactone lot 91-
H0797

Formulation/vehicle: 0.5% methylcellulose

Methods: - CD rats (10/sex/group) received either eplerenone or spironolactone.
Animals were then euthanized and necropsied. The effects of the two drugs were assessed using
body and liver weight changes, serum ALT and SDH, serum total bile acids, CYP450 and fatty
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acyl CoA oxidase activities, hépatic protein content, light microscopy, EM analysis (males only),
PCNA labeling and in situ end labeling analysis for apoptosis.
Dosing: oral gavage of 100 mg/kg/day for 2 weeks

Obscrvations and times: see above

Results: Liver weights were increased in both sexes treated with spironolactone (17%m, 31%f)
and males treated with eplerenone (13%). Both drugs caused an increase in testosterone
oxidation associated with CYP3A1/2,and in females an increase in testosterone 16fhydroxylase
activity which may be catalyzed by either CYP3A or CYR2B. In both cases, spironolactone
produced a greater change than eplerenone. In male rats a slight decrease in the number of
apoptotic cells and a slight increase in PCNA labeling were noted for rats treated with either
drug, consistent with the slight increase in cellularity for treated vs control livers. There were no
reported changes in serum enzymes or other parameters.

Study title: The effect of SC-66110 on the clearance of thyroxine in male and female rats

Key study findings: The 250 mg/kg dose of SC-66110 caused approximately 29% increase
in mean plasma T4 clearance in both sexes. The 750 mg/kg/day dose increased plasma T4
clearance by 62% and 87% in male and female rats respectively. The increases produced
by Phenobarbital were 112% and 88% compared to control in males and females
respectively.

Study no: EX4880/; == N00056

Volume #, and page #:

Conducting laboratory and location: . -—

Date of study initiation: May 16, 2000

GLP compliance: no

QA reports: yes () no ():

Drug, lot #, radiolabel, and % purity: SC-66110 lot SP12626

Formulation/vehicle: 0.5% methyicellulose and 0.1% polysorbate 80 in distilled water

Methods: Sprague-Dawley rats (male and female) were orally dosed with vehicle
or SC-66110 daily for 14 weeks. After 14 weeks, all animals received a single intravenous dose
of radiolabelled T4 at a target dose of 1 ug T4/kg (50 uCi/kg). The clearance of the radioactivity
from the plasma was determined by = -

Dosing: 0, 250, 750 mg/kg/day

Observations and times: see original review
Results: The 250 mg/kg dose of SC-66110 caused approximately 29% increase in mean plasma
T4 clearance in both sexes. The 750 mg/kg/day dose increased plasma T4 clearance by 62% and

87% in male and female rats respectively. For in depth discussion see original review or the
Carcinogenicity section of this review.
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Study title: Thyroid hormone effect of SC-66110 in the rat ( ——"/N 00036/SA5027)

Key study findings: fois study showed sustained, significant increases in circulating levels
of TSH in drug-treated animals causing increased thyroid weights and association with
histologic evidence of thyroid follicular cell hypertrophy/hyperplasia. The activity of
hepatic UDPGT was shown to be increased, indicative of increased turnover of T4
(consistent with the previous study using radiolabelled T4) and plausibly leading to
increased pituitary secretion of TSH. Most of the changes found during the treatment
period were no longer evident at the end of the recovery phase. The changes in thyroid
weight and histology were partially reversed.

Study no: SA5027, — N 00036

Volume #, and page #:

Conducting laboratory and location: . —or

Date of study initiation: March 29, 2000

GLP compliance: yes

QA reports: yes () no ():

Drug, lot #, radiolabel, and % purity: SC-66110 lot 0000955

Formulation/vehicle: 0.5% methylcellulose and 0.1% polysorbate 80 in distilled water

Methods: Male and female Sprague-Dawley rats were dosed by oral gavage with either SC-
66110, vehicle or phenobarbital (positive control). Duration of dosing was 14, 28 or 91 days.
One group of animals received 13 weeks of dosing followed by a 13-week drug-free recovery

period.
Dosing: 0, 250, 750 mg/kg/day SC-66110

Observations and times: see original review

Results: Absolute and normalized liver weights were increased in both sexes of drug-treated
animals. Both sexes also showed dose-related increases in thyroid weight that were significant at
the 750 mg/kg dosage. A dose-related increase in the incidence of thyroid follicular
hypertrophy/hyperplasia was also reported for the dosing period but markedly decreased by the
end of the recovery period, indicating reversibility. Thyroxine-UDPGT activity in both sexes of
eplerenone-treated animals was increased over control values at all points of determination
during the dosing period, significantly so in the males as well as the females in week 13. Values
did not differ significantly from the controls at the end of the recovery period. Plasma T4 values
were decreased week 2 in all drug-treated males and the LD-eplerenone females. At the end of
the recovery period the HD-f showed a 360% increase over controls, possibly due to a rebound
effect. TSH levels were consistently and significantly elevated in all drug-treated groups during
the dosing period. Microsomal CYP3A activity was increased in both sexes. Messenger RNA
levels were also increased in both sexes at the end of the dosing period but not at the end of the
recovery period. Messenger RNA for UDPGT-2B1 was increased slightly if at all although
activity was increased. See original review for more detailed discussion.
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Study title: Effects of SC-66110 on GnRH stimulated LH and testosterone release in the
male Beagle dog

Key study findings: SC-66110 given to male dogs at 25 mg/kg/day for 12 days did not affect
the ability of the dogs to produce an appropriate response to GnRH and thus does not
explain the reduction in prostate size in dogs treated with SC-66110.

Study no: EX4554

Volume #, and page #:

Conducting laboratory and location: GD Searle, Skokie, IL
Date of study initiation: October 21, 1996

GLP compliance: no

QA reports: yes () no ():

Drug, lot #, radiolabel, and % purity: SC-66110 lot RCT10015
Formulation/vehicle: gelatin capsules

Methods: Weeks 1-2 constituted a 2-week baseline period. 8 male Beagles (15-17 kg) were
treated with SC-66110 in gel caps at 25 mg/kg/day for 12 days (weeks 3-4). Blood samples were
taken 3X/week during weeks 1 and 3 to determine baseline serum concentrations of LH,
testosterone and dihydrotestosterone (DHT). At the beginning of weeks 2 and 4, the dogs were

stimulated with GnRH and blood taken to determine resulting concentrations of LH, testosterone = !

and DHT.
Dosing: see above.
Observations and times: see above

Results: While there were some individual animal responses, overall there were no changes in
GnRH-stimulated LH release, testosterone production/secretion or DHT concentrations after 12
days of drug treatment when compared to baseline levels. There was a great deal of variability
inherent in the system as demonstrated in the individual animal data. As shown in the table
below, following 8 days of eplerenone treatment there appears to have been a decrease in mean
baseline values of DHT before GnRH stimulation. This was discussed in the toxicology
summary.
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Study title: Effects of SC-66110 on Reproductive Function and Onset of Prostate Size
Change in the Male Beagle Dog

Key study findings: Ultrasound showed decreases in prostatic volume in dogs treated with 25
mg/kg/day beginning from week 2. Prostate size in dogs treated with 5 mg/kg/day was
unaffected. Prostatic levels of aldosterone were increased in the drug-treated animals while
tissue level of DHT and testosterone were slightly decreased. Absolute and relative epididymal
weight were decreased in both drug-treated groups. Sperm counts and production were
unaffected. Morphology was not assessed.

Study no: EX4541, = "4541

Volume #, and page #:

Conducting laboratory and location:

Date of study initiation: November 11, 1996
GLP compliance: no

QA reports: yes () no ():

Drug, lot #, radiolabel, and % purity: SC-66110 lot RCT-10056
Formulation/vehicle: gelatin capsules
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Methods: Male Beagles ~ 25 months of age were given either empty gelatin capsules (vehicle)
or 5 or 25 mg/kg/day o£SC-66110, once a day for 13 weeks. Blood for pharmacokinetics was
collected at start and completion of the study. Blood for hormonal analyses was collected weeks
1,2,4,6,9 11,12 and at euthanasia. Prostate measurements were made by transrectal ultrasound at
weeks 1,2.4,6,9, 11 and 12. Libido
and semen were assessed every 2

Table 11.
Prostate Hormone Levels
T ing/g)
Muan 585
SD 322
T ingig)
Mean 352
sD 1.99
T ing/g)
Mian 4 185
sD 197

Afcan Hormone Concentrations in Tissue

Testis Hormone Levels

Mean

T (ng/g)

177545
1368 96

Ting/g)

821.€7
1545.34

T ing'g)

218518
2458 86

Group 1
Ald (pg/g)

92 34
1883

Group 2
Ald {pg'g)

12R.38%
56.13

Group 3
Ald (pg/g)

232 83
11978

Group 1
Ald (pgfg)

232.96
152 19

Group 2

AM (pgig)

13588
154.67

Group 3

Al (pg'g)

44508
257.68

DHT (ng/g)

172
0.50

DHT (np/g)

148
0.56

DHT (ng'g)

151
064

DHT (np/g)

19.33
1586

DHT (ng/g)

9.65
17.00

DHT (ng/g)

24 81
2797

weeks during treatment. After
euthanasia, organ weights and
histopathologic analysis were
conducted. Daily sperm

production and epididymal transit

time were also measured.

Hormone content of the prostate

and testicular tissue were also
measured.
Dosing: see above

Observations and times: see
above

Results: Ultrasound showed a
decrease in prostate size in the

25

mg/kg group from week 2 with

weight significantly reduced at

necropsy (p<0.001). Volume of
ejaculate was also decreased (NS)
in this group and histopathology
showed drug-related atrophy of

the secretory epithelium.
Testicular weight and sperm
production were unaffected by
drug-treatment. Epididymal

weight was significantly (p<0.05)

decreased in both drug-treated

groups. Serum aldosterone was
increased in the HD group while

cortisone, DHT, LH and
testosterone were unaffected.

Prostatic and testicular levels of

aldosterone were increased in
both drug-treated groups.

Prostatic DHT and testosterone

were slightly decreased in both

drug-treated groups. Testicular testosterone and DHT were increased in the HD group.
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Study title: In vitro Salpha-reductase inhibition to support SC-66110

Key study findings: All compounds tested ( finasteride, spironolactone, canrenone and
aldosterone) except for SC-66110 inhibited Sa-reductase activity in the dog prostate. Only
testosterone produced positive results in the human foreskin samples. SC-66110 was shown not
to inhibit Sa-reductase activity when tested in dog prostate homogenates. However, the sponsor
postulated that inhibition of Sa-reductase activity may still be the mechanism for the prostatic
atrophy observed in previous studies. Beagles treated with SC-66110 showed marked elevations
in serum aldosterone concentrations and decreased prostate weight. Aldosterone when tested in
dog prostate homogenates was shown to inhibit Sa-reductase activity with an ICso of ~2uM.

Study no: P3097017

Volume #, and page #:

Conducting laboratory and location:
Date of study initiation: not specified
GLP compliance: no

QA reports: yes () no ():

Drug, lot #, radiolabel, and % purity: lot numbers not specified
Formulation/vehicle: all compounds dissolved in ethanol

Methods: Activity of Sareductase was assessed in the pelleted fraction of homogenized dog
(untreated) prostate and in human foreskin fibroblasts in the presence of SC-66110,
spironolactone, canrenone, aldosterone and finasteride. [*H]-testosterone was incubated with the
prostatic or foreskin preparations then analyzed by S—
compounds tested at concentrations from 100 nM to 100 pM.

Dosing: NA

Observations and times: NA

All

Results: All compounds tested ( finasteride, spironolactone, canrenone and aldosterone) except
for SC-66110 inhibited Sa-reductase activity in the dog prostate. Only testosterone produced

positive results in the human foreskin samples.

There seems to be an error in the reporting of the human foreskin fibroblast results. Why were

the compounds not tested above 2 pM?

Reported 1C50 values

Compound

IC50 for 5 a-reductase

Dog prostate Human foreskin fibroblasts
Spironolactone 30 uM
SC-66110 >100 uM >2uM
Canrenone 2-3.5uM >2 uM
Finasteride <0.1 uyM

Aldosterone

2 uM
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Study title: In vitro androgen receptor binding analysis to support SC-66110

Key study findings: All compounds tested showed binding to the androgen receptor. Eplerenone
had an IC50 value of 160,000 nM compared to spironolactone’s IC50 of 100 nM. SC-71597 had
an IC50 value estimated at >1,000,000 nM. In the human foreskin fibroblast assay, SC-66110
exhibited essentially no binding to the androgen receptor®™

Study no: P96046

Volume #, and page #:

Conducting laboratory and location: not apparent

Date of study initiation: not apparent

GLP compliance: no

QA reports: yes () no ():

Drug, lot #, radiolabel, and % purity: lot numbers not apparent
Formulation/vehicle: all steroids dissolved in ethanol

Methods: Cytosolic fractions were prepared from the prostates of untreated dogs and used for
analysis of competitive androgen receptor binding of [*H]testosterone by eplerenone, SC-71597
(the 6B3-OH metabolite of SC-66110) spironolactone, canrenone, DHT and aldosterone. Data
were also generated using cultured human foreskin fibroblasts to identify receptor binding
potential of SC-66110 to the human androgen receptor.

Dosing: concentrations of 0.05 through 50,000 nM used.

Observations and times: NA

Results: All compounds tested showed binding to the androgen receptor of the canine prostate.
Eplerenone had an IC50 value of 160,000 nM compared to spironolactone’s IC50 of 100 nM.
SC-71597 had an IC50 value estimated at >1,000,000 nM. In the human foreskin fibroblast
assay, SC-66110 exhibited essentially no binding to the androgen receptor.

APpp £ "y

o oz, ;",.','j Way

132



Reviewer: E.A Hausner, D.V.M. NDA No.21437

IC

3.5 n\ *H-testosterone | 2.8 n\t 'H-DHT | estimated Ki | RBA*
DHT : - 7.9nM 25nM 3.8nM 100
tesiosterone 20 nM 32nM 18 nM 2]
spironolactone 133 nM 100 nM 88 nM 4.3
canrenone 1.000 nM 1.200 nM 720 nM 0.53
aldosterone 60.000 nM 31.000 nM 33.000nM | 0.012
SC-66110 69.000 nM 160.000 nM $5.000 nM | 0.0062
SC-71597 >1.000.000 nM >1.000.000 nM | >630.000 | <0.001
*relative binding affinity

Study title: Human Androgen Receptor Transcriptional Activation Dose-Response Studies
with Various lots of SC-66110

Key study findings: There were no significant differences between the lots in their ability to
bind the hAR.

Study no: R01317

Volume #, and page #:

Conducting laboratory and location: | eE——

Date of study initiation: April 23, 2001

GLP compliance: no

QA reports: yes () no ():

Drug, lot #, radiolabel, and % purity: SC-66110 lots RCT10055 (A), RCT9937 (B), 00K007-
F3A(C), 00K007-F5A(D)

Formulation/vehicle: dissolved in ethanol

Methods: The ability of various lots of SC-66110 to inhibit Sa-dihydrotestosterone-induced
transcription was assessed in an in vitro transcriptional assay using the human androgen receptor
(hAR) and a luciferase reporter in monkey kidney CV-1 cells. The four lots listed above were
tested in 6 separate experiments. Hydroxyflutamide was the positive control.

Dosing: concentrations of 0.03 = 100 uM for SC-66110

Observations and times: NA
Results: Despite suboptimal presentation of results, it appears that all lots of SC-66110 showed

essentially the same IC50 of ~30uM for binding to the hAR . The positive control had an IC50
of ~0.1uM.
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Study title: In vitro compatiﬁility of a parenteral formulation of SC-66110 with canine
blood

Key study ﬁndings: Significant hemolysis occurred with SC-66110 in this formulation
down to dilutions of 33.3% of the original concentration. This formulation of the drug was
determined to be incompatible with canine blood in this in vitre study.

Study no: EX4458

Volume #, and page #:

Conducting laboratory and location: GD Searle, Skokie, IL

Date of study initiation: November 21, 1995

GLP compliance: no

QA reports: yes () no ():

Drug, lot #, radiolabel, and % purity: SC-66110 lot GDS-6050-001
Formulation/vehicle: 15% hydroxypropy! B-cyclodextrin (HBCD)

Methods: The vehicle alone and with drug were tested for their potential to cause in vitro
hemolysis of whole (heparinized) blood from untreated dogs. Both the formulation and the
vehicle were tested in dilutions from 100% to 10% of the original concentration.

Dosing: NA

Observations and times: NA

Results: Significant hemolysis occurred with SC-66110 in hydroxypropyl B-cyclodextrin down
to the 33.3% dilution. The next dilution was 10% for which no hemolysis was reported.

Study title: An antigenicity study of SC-66110 in multiple species
Key study findings: Under the conditions of the study, eplerenone did not exhibit antigenic
properties.

Study no: " 78-02

Volume #, and page #:

Conducting laboratory and location: em—

Date of study initiation:

GLP compliance: yes

QA reports: yes (x) no ():

Drug, lot #, radiolabel, and % purity: SC-66110, lot RCT10016

Formulation/vehicle: 0.5% methylcellulose and 0.1% polysorbate 80 in distilled water.
Ovalbumin was dissolved in saline as the positive control.

Methods: The antigenicity of SC-66110 was investigated using guinea pigs, mice and rats. To
sensitize the guinea pigs, SC-66110 was administered orally five times weekly and
subcutaneously with Freund’s complete adjuvant (FCA) once weekly for 3 weeks. To sensitize
the mice, SC-66110 was administered orally SX/week and intraperitoneally with 3% aluminum
hydroxide gel once weekly for 3 weeks. 0.5% methylcellulose and 0.1% polysorbate 80 in dH20
was administered orally five times weekly for 3 weeks as the negative control. Ovalbumin with
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adjuvant was administered subcutaneously to guinea pigs and intraperitoneally to mice once
weekly for 3 weeks as the positive control. \

Dosing: see above. Dosgs for sensitization in all species were 2 and 20 mg/kg po, sc and ip. The
same doses were used for the iv challenge for both elicitation of systemic anaphylaxis and the
passive cutaneous anaphylaxis response.

Observations and times: Appropriate for the tests

Results:
ASA response with guinea pigs-no abnormalities reported for the SC-66110 or negative
control gps. Positive contro! animals died within 4 mifutes after the challenge.

4hr PCA response in guinea pigs-None of the passively sensitized guinea pigs or negative
control animals showed evidence of PCA. GPs sensitized with sera from the positive control
groups showed evidence of PCA.

48 hour PCA response with Mice and Rats- Rats passively sensitized with sera from the
SC-66110 group did not show evidence of PCA while the positive control groups did.

Study title: Dermal Sensitization Study of SC-66110 in Guinea Pigs-Maximization Test

Key study findings: None of the test animals exhibited a dermal reaction to the challenge
application of SC-66110

Study no: EX4754

Volume #, and page #:

Conducting laboratory and location: ———

Date of study initiation: January 21, 1998

GLP compliance: yes

QA reports: yes () no ():

Drug, lot #, radiolabel, and % purity: SC-66110, lot 96K018-F1A
Formulation/vehicle: petrolatum
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Methods:

conducted. Twenty males were assigned to the SC-66110 group and ten males were
assigned to-the.contral group. On Day 1. animals in the test and control groups received
the following duplicate 0.1-mL intradermal injections in the shoulder area.

Description of injections

Test Group 1 Control Group
Anterior Sites 1:1 dilution of Freund’s Complete Adjuvant (FCA) in stenile water
Medial Sites | 5% wiv suspension of test material Vehicle (mineral oil)
in minerat oil

Posterior Sites | 5% wiv suspension of test matenal |  1:1 diluton of mineral oil iIn FCA
in FCA in sterile water

On Day 7. the animals in the test and control groups were pretreated with 10%% ww
sodium laury! sulfate suspension in petrolatum applied ropically at the injection sites.

On Day 8. a 25% w/w mixture of test material in petrolatum was topically applied over
the injection sites of the animals in the test group. and petrolatum was applied topically
over the injection sites on the animals in the control group. All induction sites were then
occluded for 48 hours.

Two weeks afer topical application. all animals received a challenge dose of SC-66110.
A 15% wrw mixture of SC-66110 in petrolatum was topically applied to the right side
and the control material (petrolatum) was applied to the left side of each animal in the test
and control groups. All test and control sites were occluded for 24 hours and then wiped
clean. The challenge sites were examined for dermal reactions at 24 and 48 hours afier

patch removal. The ratings for dermal sensitization are based solely on the number of
animals responding. Clinical observations were performed daily throughout the study

Dosing: As described under methods
Observations and times: As described above
Results: There were no recorded dermal reactions.

Study title: Primary Dermal Irritation Study of SC-66110 in Rabbits
Key study findings: A primary dermal irritation index of 0.04 was reported. Under the
conditions of the test, SC-66110 was slightly irritating to rabbit skin.

Study no: EX4752

Volume #, and page #:

Conducting laboratory and location: —
Date of study initiation: January 21, 1998

GLP compliance:yes

QA reports: yes( ) no( )
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Drug, lot #, radiolabel, and % purity:
Formulation/vehicle: distilled water.

Methods: 0.5g of test material was moistened with distilled water and applied to a single intact
site on each of 3 male and 3 female NZW rabbits. The drug was then covered with a semi-
occlusive dressing. After a 4-hour exposure period the test material patch was removed and the
area washed. Observations of dermal irritation according to the Draize system were made at 30 —
60 minutes after removal of the test material (referred to as the 4 hour observation) and at 24, 48
and 72 hours after application.

Dosing: As described in methods.

Observations and times: As described in methods.

Results: A slight erythema was reported for one animal at the 4-hour observation.

Study title: Primary Eye Irritation Study of SC-66110 in Rabbits

Key study findings: Under the conditions of the study, the drug was considered to be
minimally irritating to the treated eyes of rabbits that were unwashed after treatment and
to eyes that were washed after instillation of test material.

Study no: EX4753

Volume #, and page #:

Conducting laboratory and location:

Date of study initiation: January 21, 1998

GLP compliance: yes

QA reports: yes () no ():

Drug, lot #, radiolabel, and % purity: SC-66110, lot 96K018-F1A
Formulation/vehicle: administered as received (a white powder)

Methods: SC-66110 (28 mg) in a volume of 0.1m! was placed into the lower eyelid of the right
eye. The left eye of each rabbit served as the untreated control. The eyes of Group 1 rabbits were
not flushed after instillation with test material. The eyes of Group 2 rabbits were flushed with
water approximately 30 seconds after drug application. Eyes were observed and graded according
to the Draize system at 1,24,48 and 72 hours after treatment.

Dosing: As described above.

Observations and times: As described above.
Results: In Group 1 unwashed eyes, slight iritis was reported for 1/3 rabbits (cleared by 24
hours) and slight to moderate conjunctival irritation in 3/3 animals. The conjunctivitis was

cleared within 48 hours. In Group 2 washed eyes, slight conjunctival irritation was reported for
3/3 rabbits. This was reported as cleared within 24 hours.
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IX. DETAILED CONCLUSIONS AND RECOMMENDATIONS:

Conclusions: There aFe no Pharmacology/Toxicology issues that preclude approvability
General Toxicology Issues: None relgvant to clinical use

Recommendations: The reviewer recommends approval

Labeling with basis for findings: The labeling is accegfable as written

X. APPENDIX/ATTACHMENTS:
Addendum to review: Appendix . Sponsor’s Summary of Impurity Qualification

Other relevant materials (Studies not reviewed, appended consults, etc.): Studies Not
reviewed are attached.
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